Introduction
Because of possessing the advantages of high recovery, short analysis time, high enrichment factor, low cost and low comsumption of the organic solvent over many kinds of classical preconcentration methods, solid-phase extraction (SPE) has gained rapid acceptance and been applied to the preconcentration of copper(II) ion. [1] [2] [3] [4] [5] [6] [7] [8] In all of these preconcentration methods, the most widely used solid-phase extractant is C-18 silica, a hydrophobic absorbent, which exhibits a very strong retention to non-polar derivatives of the target, et al. copper(II) ion.
Chromosorb gas chromatographic stationary phases, another class of hydrophobic polymer materials, have been extensively used in gas chromatography for the separation of various organic compounds. 9, 10 However, to the best of our knowledge, there is no other report about the SPE of trace metals with these Chromosorb absorbents, except for a report by Elci about the SPE of Pb 2+ with Chromosorb 102.
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In that report, it was mentioned that Chromosorb 102 can not only retain Pb 2+ -DDTC complexes, but also retain Pb 2+ in the absence of DDTC with a slightly low signal.
The aim of this work was to explore the possibility of Chromosorb absorbents as a matrix for the preconcentration of trace metal ions from an aqueous solution without a chelating reagent.
Therefore, a comparison of the extraction characteristics of copper(II) ion with five different Chromosorb absorbents was undertaken; also a procedure has been proposed for the enrichment of trace copper(II) ion in aqueous solutions.
Experimental

Instrument
Determinations of copper were carried out with a GFAAS system consisting of a Model WFX-1B Atomic Absorption Spectrophotometer (No. 2 Optical Instrument Factory, Beijing) and a Model HGA-400 graphite furnace (Perkin-Elmer, USA). A copper hollow cathode lamp (General Research Insitute for Non-Ferrous Metal) was used as a light source at 324.8 nm (bandpass 0.2 nm) and was operated at 5 mA. A Model 056 Recorder (Hitachi, Japan) was used to record the peak-height signals. A deuterium arc background correction was used for the determination of copper. A standard graphite tube (Perkin Elmer, USA) was used for atomization and a 20 µL sample solution was injected for the determination. The graphitefurnace time-temperature program is shown in Table 1 . All solutions were delivered to pass through the minicolumns by a lab-made peristaltic pump. The concentration of copper in river water samples was also determined by a PlasmaQuad ® II ICP-MS spectrometer (Fisons Instruments Elemental Analysis, Cheshire, UK) as a reference.
Reagents and materials
All chemicals were of analytical reagent grade, unless otherwise stated, and doubly distilled deionized water was used throughout the experiments. A standard stock solution of 1 mg mL -1 Cu 2+ was prepared by dissolving an appropriate amount of CuSO4·5H2O (Beijing Chemicals, China) in 5% nitric acid solution (v + v). Working solutions were prepared daily by appropriate dilution with water. The Chromosorb absorbents were purchased from Phase Separations Inc., Norwalk, CT, USA. In order to remove organic and inorganic contaminants, they were washed successively with methanol, 1 mol L -1 nitric acid solution, doubly distilled deionized water, 1 mol L -1 NaOH solution and doubly distilled deionized water.
Column preparation and preconcentration system
Microcolumns were prepared by packing, using a dry packing method, about 0.3 g Chromosorb absorbents in short HPIC columns (5.2 cm × 4.0 mm, Dionex Corpration, USA) made of polypropylene. A little plug of quartz wool was placed at both ends of the minicolumns so as to avoid the loss of absorbents. The minicolumn was connected to a peristaltic pump with PTFE tubes (i.d. 0.5 mm). Recommended procedure for water analysis Tap-water samples were collected from a water tap in our laboratory, and river-water samples were collected from a section of Beijing in the Yongding River valley. Immediately after sampling, the river-water samples were filtered through a Millipore cellulose membrane with a pore size of 0.45 µm and acidified to pH 1.0 using high-purity nitric acid, and then stored at a temperature of 4˚C. Prior to analysis, 200 mL of acidified water samples was adjusted to pH 6.0; the solution was then passed through a minicolumn at a flow rate of 5.4 mL min -1 . After washing the column with 20 mL of doubly distilled deionized water at pH 6.0, the trace-retained copper in the column was eluted with 2 mL of 0.2 mol mL -1 nitric acid at a flow rate of 5.4 mL min -1 to determine the copper(II) ion concentration by GFAAS.
Results and Discussion
Effect of the pH on the retention of copper(II) ion
The pH of the sample solutions is a determining parameter in achieving the quantitative adsorption and recovery of trace elements on hydrophobic absorbents. The effect of the pH on the retention of copper(II) ion on minicolumns was studied in the range of pH 1 -10; the results are shown in Fig. 1 . As can be seen, quantitative recoveries (R% > 95) of copper(II) ion were found for all of these five Chromosorb absorbents in the range of pH 5 -9. According to these results, pH 6.0 was selected in following experiments.
Capacitiy breakthrough curves of the minicolumns
The adsorption capacities of the Chromosorb adsorbents were studied under dynamic conditions; the experimental results are shown in Fig. 2 . As can be seen, of all five different adsorbents, Chromosorb 105 exhibited the highest adsorption capacities while Chromosorb 102 exhibited the lowest. Therefore, Chromosorb 105 was used in following studies. The large breakthrough volume of Chromosorb 105 packed minicolumn provides the possibility of copper(II) ion extraction with high concentration factors.
Effect of the flow rate of the sample solutions
The effect of the flow rate of sample solutions on the recoveries of copper(II) ion was examined from 3.2 mL min -1 to 22 mL min -1 . The results show that the flow rate of the sample solutions has no obvious influence on the quantitative recoveries of copper(II) ion, which indicates that the process of the adsorption in this system is rapid. In order to avoid high back pressure because of a too great flow rate, a flow rate of 5.4 mL min -1 was chosen in following experiments.
Effect of the eluent volume
In a preliminary test, it was found that a 0.2 mol L -1 nitric acid solution was an effective eluent for copper(II) ion. In our study, various volumes of 0.2 mol L -1 nitric acid were used to elute the adsorbed copper(II) ion; experimental results show that quantitative recoveries (R% > 95) could be achieved when the volume of eluent was in the range of 1.0 -5.0 mL. In order to acquire a higher concentration factor, 2 mL of 0.2 mol L -1 nitric acid was adopted as an eluent throughout the experiments.
One of the advantages of the Chromosorb absorbents over C18-silica is that they can be used over the entire pH range; their high stablity permitted hundreds of adsorption-desorption cycles in our experiment process over a period of 2 months without any significant loss of their adsorption capacities for copper(II) ion.
Analytical performance
Under the optimal conditions, the effect of several major matrix ions in natural water samples on the preconcentration of 20 ng mL -1 copper(II) ion was investigated. The experimental results show that the major matrix ions, including Na + (1000 µg mL -1 ), K + (1000 µg mL -1 ), Ca 2+ (100 µg mL -1 ), Mg 2+ (100 µg mL -1 ), Fe 3+ (2 µg mL -1 ), Al 3+ (2 µg mL -1 ), Cl -(800 µg mL -1 ), SO4 2-(300 µg mL -1 ) and HCO3 -(400 µg mL -1 ), undergo no obvious interference with the preconcentration of copper(II) ion.
The high capacity of the Chromosorb 105 packed minicolumn permitted large sample volumes to be preconcentrated without any degradation of the analytical performance. However, too large sample volumes required an unreasonable long loading time. Therefore, 200 mL was selected as the upper limit of the sample volume; in this case, a sensitivity enhancement of 100 with a detection limit of 16 ng L -1 (3σ) was obtained.
The proposed method has been applied to the determination of copper in tap water and river water; the analytical results are listed in Table 2 . The referenced ICP-MS method was also applied to determine copper in river-water samples; the results are also given in Table 2 . Table 2 indicates that the proposed method is reliable and valid; the recoveries were in the range of 94 -101%, and the results obtained by the proposed method agree well with those obtained by the ICP-MS. 
